Abstract: Stannite group minerals (ferrokësterite and stannite) occur in small amounts in association with sulfides in hydrothermal Pb-Zn deposits in Kosovo. The chemical composition of sphalerite co-existing with Sn-bearing minerals has been investigated using laser ablation inductively-coupled plasma mass spectrometry (LA-ICP-MS). Flat Sn-spectra suggest that Sn is bound in the sphalerite lattice or as nanoincluions. Sphalerite from Stan Terg, overgrown by ferrokësterite, contains the lowest Sn content (few ppm) and have been precipitated before Sn-enrichment in the fluids. The highest value of Sn (520 ppm) of Stan Terg sphalerite was obtained directly close to the ferrokësterite rim, and indicates a rapid increase of Sn in the hydrothermal fluids. Significantly higher values of Sn in sphalerite were obtained from other deposits: 1600 ppm (Artana), up to 663 ppm (Kizhnica), up to 2800 ppm (Drazhnje). Stannite-sphalerite geothermometry revealed the following ore-forming temperatures for the Kosovo mineralization: 240-390˝C for Stan Terg, 240-370˝C for Artana, >340˝C for Kizhnica, and 245-295˝C for Drazhnje. Sphalerite and stannite group minerals precipitated simultaneously during cooling from reduced hydrothermal fluids and under low-sulfidation fluid states. Fluctuations in physico-chemical fluid conditions are evidenced by the presence of stannite group minerals along growth zones in sphalerite and may be related to short interval of magmatic pulses during ore deposition.
Introduction
Tin is an economically important element with the highest concentration in Sn and W porphyry, skarn, greisen, or polymetallic vein-type deposits [1] . The most widespread Sn mineral is cassiterite, but Sn can frequently occur as sulfides (stannite, kësterite, mawsonite, etc.), or sulfosalts (cylindrite, franckeite, etc.). Tin mineralization was reported from porphyry-related and epithermal systems in China [2] , Sn-Te-Bi-Sb polymetallic veins in Japan [3] , polymetallic vein in Kutná Hora (Czech republic) [4] , granite-related Sn-mineralization at Mount Wellington (Cornwall, Great Britain) [5] , VMS-type deposit of Neves Corvo (Portugal) [6] , CSA Cu-Pb-Zn deposit in Australia [7] , and many others elsewhere. Catchpole et al. [8] assigned stannite and kësterite as accessory minerals in the extending from Serbia through Kosovo and Former Yugoslav Republic of Macedonia to Greece [23, 26] . Three regional NNW-trending zones of mineralization were recognized in the TMB [27] . 
Stan Terg Deposit
Stan Terg is the largest and the best recognized Pb-Zn deposit in the area, exploited since medieval times, and located 8 km northeast from Kosovska Mitrovica, in the central zone of the TMB (Figure 1) . Presently, the Trepça Mining Company is carrying out an underground extraction of lead and zinc ore. The ore mineralization is of hydrothermal origin, and Stan Terg was classified as an example of Pb-Zn-Ag skarn, or a carbonate replacement deposit type [24, 25, [27] [28] [29] [30] [31] . The area is located at the southern fringe of the Kopaonic granodioritic massif and is composed of Paleozoic and Triassic metamorphic rocks and an ophiolite complex. The mineralization at Stan Terg is mostly hosted within the Upper Triassic limestones, present in the core of an anticline, and covered by schists. The ore bodies were formed parallel to the hinge of the anticline, within carbonates or at the contact between carbonates with schists and an andesitic phreatomagmatic volcanic pipe, and have a lenticularly-elongated, columnar-like shape. Skarn minerals (hedenbergite, ilvaite) are present in some of the ore bodies close to the volcanic pipe. Principal ore minerals in the Stan Terg deposit are galena, sphalerite, pyrite, pyrrhotite, arsenopyrite, boulangerite, and chalcopyrite.
Artana Deposit
Artana (Novo Brdo) deposit is located about 20 km southeast from Pristina, in the external zone of the TMB (Figure 1 ). The mineralization has been excavated since ancient times. The present underground mine was opened in the 20th century and operates today by Trepça Mining Company. Mineralization in the Artana deposit occurs in several ore bodies and is hosted in Paleozoic and Cretaceous sediments (mainly in crystalline limestones) at the contact with gneisses, amphibolites, and Tertiary volcanic rocks. The mineralization has a metasomatic character and is dominated by galena, sphalerite, and pyrite. Some skarn mineralization was mentioned by Simić [32] and was supposed to occur at the contact with andesite.
Kizhnica Deposit
Kizhnica, in association with two other Pb-Zn deposits, Badovc and Ajvalia, is located about 7 km southeast of Prishtina, in the central zone of the TMB (Figure 1 ). The Kizhnica deposit was excavated during the 20th century as an open pit. The area is dominated by Neogene volcanic rocks (andesites), Paleozoic and Mesozoic magmatic, metamorphic, sedimentary rocks (flysh series), (Veles Series), and Pliocene sediments. The mineralization occurs at the contact zone (1600 mˆ300 m wide) between a serpentinite complex and a Lower Cretaceous flysch, but is mostly located close to the volcanic rocks. The ore bodies have irregular shapes, similar to veins, lenses, or they occur as impregnations. The hydrothermal mineralization comprises sulfides (with three generations of galena and sphalerite), sulfosalts, carbonates, and quartz [33, 34] .
Drazhnje Deposit
The Drazhnje (Cuka e Batlavë) deposit is located in the Eastern Kosovo, 23 km northeast from Prishtina, in the external zone of the TMB (Figure 1 ). The area belongs to the western margin of the Lece massif and is composed of andesite-dacite volcanics and pyroclastics of the Late Mesozoic-Early Tertiary age [35] . The Lece intrusive complex has intruded a folded Cretaceous sedimentary sequence, as well as metamorphosed Paleozoic-Mesozoic rocks (mainly schists and carbonates) and small serpentine lenses of Jurassic age [32, 35] . The mineralization has mostly a hydrothermal-metasomatic character and occurs in the form of stockworks, impregnations, and also filling fractures in carbonates [32] . Main ore minerals are sphalerite, boulangerite, galena, pyrite, and marcasite. About 4 million tonnes of Pb-Zn ore with Pb + Zn content above 6% has been documented. The analyzed samples came from the Saint George ore body.
Methods
Sphalerite-stannite intergrowths in representative ore samples were determined by a JEOL JXA-8230 Super Probe electron microprobe (EPMA) (JEOL, Tokyo, Japan) in the Critical Elements Laboratory at the Faculty of Geology, Geophysics, and Environmental Protection, AGH University of Science and Technology in Krakow. Operating conditions were: accelerating voltage 20 kV, beam current 20 nA, background time 10 s and a beam diameter below 1 µm for Sn-bearing minerals and 5 µm for sphalerite. The following wavelengths were used: CdLα, InLα, ZnKα, CuKα, SKα, SnLα, HgMα, FeKα, MnKα, AgLα, GaLα, and GeLα. Natural mineral standards (FeS 2 ) and synthetic standards (CdS, InAs, ZnS, Cu, SnS, HgTe, MnS, Ag, GaP, and GeS) were used for calibration. Trace elements analyses of sphalerite co-existing with SGM were performed at the Bulgarian Academy of Science in Sofia by laser ablation inductively-coupled plasma mass spectrometry (LA-ICP-MS). The used instrument was a 193 nm New Wave UP193FX laser ablation system coupled to an ICP-MS (Perkin-Elmer Sciex ELAN DRC-e, Waltham, MA, USA). Ablation was done using a 35 µm diameter spot size; laser energy was run at a pulse frequency of 6 Hz and pulse energy of 7.8 J¨cm´2. External standards NIST SRM 610 and MASS1 sulfide standard (USGS) were used for calibration. The following isotopes have been measured: Mn 55 [36] . The flat shape of LA-ICP-MS spectra may suggests that the obtained Sn content in analyzed sphalerite samples correspond to its content in the crystal lattice or to the nanoinclusions not visible even in BSE images (Figure 2 ).
It has been shown that the equilibrium compositions of sphalerite and stannite can be used successfully as a geothermometer [15, 18, 37, 38] . The equations given by the above authors have been applied to calculate the formation temperatures of co-existing sphalerite and SGM from various deposits. 
Results

Mineralogy
The Pb-Zn deposits in Kosovo share a similar mineralogical signature that is typical for a metasomatic-hydrothermal origin. The main ore minerals are galena, sphalerite, pyrite, pyrrhotite, arsenopyrite, and chalcopyrite with various contents of fahlores, and associated with various sulfosalts, like boulangerite, Bi-minerals, Ag-minerals, and native elements. The gangue minerals are quartz and carbonates and, in the Stan Terg mine, also skarn minerals, like hedenbergite, wollastonite, and ilvaite are present. SGM were found in all of described deposits. Previously, stannite was identified in Stan Terg and Kizhnica by Smejkal [29, 39] and there is no other evidence of other Sn-minerals in the studied deposits. Stan Terg was the best-sampled deposit, and we found SGM only in the northern part of the deposit (ore bodies 109e, 139e, and 149e).
Two stannite group minerals, namely stannite and ferrokësterite, were identified in the studied samples. Stannite in the Stan Terg deposit occurs as intergrowths with chalcopyrite in the carbonate matrix, it is included in chalcopyrite, or fills cracks in pyrite, and is considered to be contemporaneous to chalcopyrite ( Figure 3A,B) . In the Artana deposit, ferrokësterite occurs in veinlets within sphalerite ( Figure 3C ) or along growth zones of sphalerite ( Figure 3D ), suggesting contemporaneous deposition of both minerals. Galena and chalcopyrite postdate sphalerite-ferrokësterite deposition ( Figure 3C ). 
Results
Mineralogy
Two stannite group minerals, namely stannite and ferrokësterite, were identified in the studied samples. Stannite in the Stan Terg deposit occurs as intergrowths with chalcopyrite in the carbonate matrix, it is included in chalcopyrite, or fills cracks in pyrite, and is considered to be contemporaneous to chalcopyrite ( Figure 3A ,B). In the Artana deposit, ferrokësterite occurs in veinlets within sphalerite ( Figure 3C ) or along growth zones of sphalerite ( Figure 3D ), suggesting contemporaneous deposition of both minerals. Galena and chalcopyrite postdate sphalerite-ferrokësterite deposition ( Figure 3C ). Samples from Kizhnica are enriched in chalcopyrite, which postdates sphalerite-ferrokësterite ( Figure 3E ,F). Ferrokësterite occurs as growth zones or as single small inclusions (up to 10 µm in diameter) in sphalerite ( Figure 3E,F) . In the samples from the Drazhnje deposit, ferrokësterite is rimming and replaces sphalerite in boulangerite-bearing ores ( Figure 3G ,H). 
Chemical Composition of Stannite Group Minerals
Chemical composition of representative analyses of SGM from the studied deposits are presented in Table 1 and all data are plotted in Figure 4 . 
Chemical composition of representative analyses of SGM from the studied deposits are presented in Table 1 and all data are plotted in Figure 4 . SGM in the Kizhnica deposit were identified as ferrokësterite, with Fe content between 11.31 and 12.32 at. %, whereas Zn was between 3.84 and 9.27 at. %. In, Mn, Ag, Hg, and Ga reach values of up to 0.04 at. %.
In Drazhnje, ferrokësterite contains Zn ranging from 2.63 to 5.27 at. % and Fe from 9.73 to 10.99 at. %. In, Hg, and Ga were measured in traces (up to 0.03 at. %).
The X Fe /X Zn ratio of SGM differs significantly in each of the deposits and varies from 1.10 to 27.07, 1.00 to 3.95, 1.22 to 3.21, and 1.88 to 4.27 in Stan Terg, Artana, Kizhnica, and Drazhnje, respectively. The highest content of Fe was observed in Stan Terg and the lowest in the Artana deposit (Figure 4) . The incorporation of rare elements is following the Sn + In + Ga vs. Cu + Ag substitution scheme (Figure 4 ). This substitution trend is valid for all studied localities and it also applies for the coexisting sphalerite.
Chemical Composition of Sphalerite
The chemical composition of sphalerite from the studied deposits is presented in Table 2 . Sphalerite is Fe-rich: the content of FeS in sphalerite from Stan Terg ranges between 15 and 25 moles %, from Artana, between eight and 20 moles %, and from Kizhnica, between 16 and 21 moles %. Sphalerite from Drazhnje has a significant lower content of FeS in the range from 2.6 to 6 moles %. Table 2 SGM in the Kizhnica deposit were identified as ferrokësterite, with Fe content between 11.31 and 12.32 at. %, whereas Zn was between 3.84 and 9.27 at. %. In, Mn, Ag, Hg, and Ga reach values of up to 0.04 at. %.
The X Fe /X Zn ratio of SGM differs significantly in each of the deposits and varies from 1.10 to 27.07, 1.00 to 3.95, 1.22 to 3.21, and 1.88 to 4.27 in Stan Terg, Artana, Kizhnica, and Drazhnje, respectively. The highest content of Fe was observed in Stan Terg and the lowest in the Artana deposit (Figure 4 ). The incorporation of rare elements is following the Sn + In + Ga vs. Cu + Ag substitution scheme (Figure 4 ). This substitution trend is valid for all studied localities and it also applies for the coexisting sphalerite.
The chemical composition of sphalerite from the studied deposits is presented in Table 2 . Sphalerite is Fe-rich: the content of FeS in sphalerite from Stan Terg ranges between 15 and 25 moles %, from Artana, between eight and 20 moles %, and from Kizhnica, between 16 and 21 moles %. Sphalerite from Drazhnje has a significant lower content of FeS in the range from 2.6 to 6 moles %. Table 2 demonstrates a large variation in trace element content of sphalerite coexisting with SGM measured by LA-ICP-MS. The results are plotted in Figures 5 and 6 . Se, Mo, Te, Ta, Tl, W, Pb, Au, Bi, As, and Sb are below minimum detection limit. n.a.-not analyzed; bd-below detection limit. Tin content in the sphalerite coexisting with stannite in the Stan Terg deposit is only a few ppm, which is the lowest measured value. Occasionally, and proximal to SGM, the content of Sn could be high (up to 520 ppm). The content of Sn in the other localities is significantly higher. The maximum value (up to 2800 ppm) was measured in the Drazhnje deposit. The content in Artana and Kizhnica is intermediate-1600 and 663 ppm, respectively.
Manganese was mostly enriched in sphalerite from Artana, that is 2.06 wt % in average. In Kizhnica and Stan Terg these values are lower, 1511 and 1463 ppm, respectively. Manganese content in Drazhnje is very minor-average 233 ppm. Content of Co is negligible and it was recorded in Kizhnica, Stan Terg, and Drazhnje with 2.14, 4.3, and 29 ppm in average. The most noticeable Ga content (102 ppm) is present in sphalerite from Artana, and the highest In content (492 ppm) was measured in sphalerite from Kizhnica. Slightly elevated Ag content was found in Artana (up to 64 ppm). Cadmium is abundant with relatively elevated contents (in average 0.12 wt % in Artana and in Kizhnica, 0.16 wt % in Drazhnje, and 0.10 wt % in Stan Terg).
Discussion
Stannite-Kësterite Solid Solution
Stannite is the most common tin sulfide mineral. Stannite-kësterite solid solution was studied by numerous authors and commonly occurs in numerous polymetallic deposits of various genetic types, e.g., by Kissin and Owens [40] , Kissin [41] , and Bonazzi et al. [42] . Stannite is the iron-rich member with the chemical formula Cu 2 FeSnS 4 , whereas kësterite is the zinc-dominant end member with an empirical formula Cu 2 (Zn,Fe)SnS 4 . The intermediate member with a prevalence of Fe over Zn is known as ferrokësterite Cu 2 (Fe,Zn)SnS 4 .
The crystal structure of stannite and kësterite was determined by Hall et al. [43] . They investigated the structural differences due to the positioning of the Cu atoms at the distinct unit cells and the optical properties of these two minerals. Kissin and Owens [40] and Kissin [41] supposed the presence of a miscibility gap in stannite-kësterite solid solution. Bonazzi et al. [42] studied the mechanism of incorporation of Cu, Fe, and Zn in the stannite-kësterite series, based on analyses of synthesized crystals. They supported the hypothesis that stannite and kësterite crystallize in two different space groups with (Fe, Zn) and Cu on different positions. They noticed the discontinuity in the cell-parameter plot. Isomorphic substitution mechanism and full solid solution between stannite and kësterite was confirmed by the mean of Mössbauer spectroscopy [44, 45] .
Numerous chemical compositions of stannite and kësterite were documented by Springer [46] from Bolivia, Cornwall, and Zinnwald. Springer indicated that iron can be commonly substituted by zinc, as well as the atomic ratio Cu:(Fe + Zn):Sn is not always 2:1:1, but the metal:sulfur ratio remains always 1:1. He noticed that if ZnS is included in stannite, the Cu and Sn are simultaneously decreasing. Similar results confirming chemical composition of phases between stannite and kësterite were documented by Moore and Howie [47] from Cornwall. They identified kësterite, zincian stannite, and the Cu-enriched phase stannoidite. Nekrasov et al. [15] Recently numerous modern analytical techniques were applied to investigate stannite-kësterite solid solution. Evstigneeva et al. [48] studied isomorphic substitution mechanism in the SGM by the mean of a microprobe and profile analysis (Rietveld method), Mossbauer spectroscopy, scanning, and transmitting electron microscopy, and X-ray photoelectron spectroscopy, and Schorr et al. [49] simultaneously applied Rietveld analysis of X-ray and neutron powder diffraction data. According to [48] the Fe-Cu replacement on synthetic samples requires Fe 3+ in order to achieve charge balance, however, in natural samples most of the charge balance is achieved by divalent Fe ions.
The composition of the investigated Sn-minerals from Kosovo is shown in Figure 7 . Most of the measured phases fall within the ferrokësterite field. Phases measured in the Stan Terg samples have the closest formulae to the ideal stannite. In most of the analyzed SGM it appears to be about 0.15-0.20 atoms per formula unit (apfu) Cu deficiency. Similar depletion was noticed by Catchpole et al. [8] in samples from Peru. Stannite from Stan Terg with increased In content (up to 0.02 apfu) could alternatively be petrukite, a phase with similar chemical composition to stannite, e.g., (Cu,Fe,Zn) 3 (Sn,In)S 4 , but with different symmetry. Petrukite is a rare Sn-bearing mineral occurring in only a few localities world-wide [11, 22, 40] . Radosavljevic et al. [22] Table 1 from Stan Terg has a formula (Cu1.92,Fe1.06,Zn0.13)Σ3.11(Sn0.88, In0.02)Σ0.90S3.91, which is in good agreement with the phase described from Srebrenica. However, the presence of petrukite in the Stan Terg cannot be confirmed without X-ray structural analyses. 
Implication for Ore Precipitation Conditions
Coexisting stannite and sphalerite have been considered by numerous authors as a good geothermometer, and are used in this work to estimate precipitation conditions of described phases.
Using the equation of Nakamura and Shima [17] on the partitioning of Fe and Zn between coexisting sphalerite and stannite group minerals (Figure 8) , we obtained the following ore-forming temperatures for the studied deposits: 240-390 °C (Stan Terg), 320-370 °C (Artana), >340 °C (Kizhnica), and 245-295 °C (Drazhnje). The estimated temperatures are comparable to those reported above for coexisting pairs of stannite group minerals and sphalerite. Drazhnje reveals lower 
Using the equation of Nakamura and Shima [17] on the partitioning of Fe and Zn between coexisting sphalerite and stannite group minerals (Figure 8) , we obtained the following ore-forming temperatures for the studied deposits: 240-390˝C (Stan Terg), 320-370˝C (Artana), >340˝C (Kizhnica), and 245-295˝C (Drazhnje). The estimated temperatures are comparable to those reported above for coexisting pairs of stannite group minerals and sphalerite. Drazhnje reveals lower temperatures than those obtained from the other deposits, probably due to a different composition of sphalerite (e.g., lower Fe content, Hg-and Co-enrichment, etc.) compared to the other occurrences. The distinct chemistry of Drazhnje sphalerite may be related not only to local, but also to regional processes, reflecting distinct origin (e.g., different metallogenic areas for the deposits): Artana, Stan Terg, and Kizhnica are lying in the central metallogenic belt connected with the Vardar zone, whereas Drazhnje is connected with the external, eastern metallogenic zone and with the Lece volcanic complex. It is suggested here that sphalerite and stannite group minerals in Kosovo precipitated simultaneously during cooling of the hydrothermal fluids, as indicated by the wide range of the obtained temperatures. However, the precipitation of Sn-bearing minerals occurring in growth zones in sphalerite could mark fluctuations in physico-chemical conditions of the ore fluids, e.g., temperature variations, inflow of Sn-bearing solutions, etc. and may correlate to short intervals of magmatic pulses in the mineralization. This is best demonstrated for the Artana deposit, where SGM occur in veinlets within sphalerite, or clearly marking grow zones of sphalerite, suggesting changes in precipitation conditions. In accordance to that stated by Kołodziejczyk et al. [25] for Stan Terg deposit, sphalerite and stannite group minerals in all studied mineralization were deposited under reduced conditions under low-sulfidation fluid states.
Partioning of Sn, Zn, and Fe into Sphalerite and Sn-Bearing Sulfide
Numerous trace element studies in sphalerite indicated that Sn commonly occurs as a minor element [50] [51] [52] . However, Evrard et al. [53] documented up to 6 wt. % Sn in sphalerite from the Logatchev submarine hydrothermal field (and assigned it to stannite inclusions), Mid-Atlantic Range, and Ono et al. [54] measured 1.8-4.3 wt % Sn in sphalerite from polymetallic mineralization at the Suttsu vein-type deposit in Japan. Sphalerite analyzed by LA-ICP-MS at various base metal bearing deposits from South China [52] , revealed very low Sn content (up to 10 ppm), only in one deposit (e.g., the Bainiuchang VMS deposit) the Sn content in average 1130 ppm, but this could be due to the small size of the Sn-bearing minerals. Cook et al. [51] summarized the LA-ICP-MS trace element data of sphalerite and indicated that Sn content is very low in samples from skarn and It is suggested here that sphalerite and stannite group minerals in Kosovo precipitated simultaneously during cooling of the hydrothermal fluids, as indicated by the wide range of the obtained temperatures. However, the precipitation of Sn-bearing minerals occurring in growth zones in sphalerite could mark fluctuations in physico-chemical conditions of the ore fluids, e.g., temperature variations, inflow of Sn-bearing solutions, etc. and may correlate to short intervals of magmatic pulses in the mineralization. This is best demonstrated for the Artana deposit, where SGM occur in veinlets within sphalerite, or clearly marking grow zones of sphalerite, suggesting changes in precipitation conditions. In accordance to that stated by Kołodziejczyk et al. [25] for Stan Terg deposit, sphalerite and stannite group minerals in all studied mineralization were deposited under reduced conditions under low-sulfidation fluid states.
Numerous trace element studies in sphalerite indicated that Sn commonly occurs as a minor element [50] [51] [52] . However, Evrard et al. [53] documented up to 6 wt. % Sn in sphalerite from the Logatchev submarine hydrothermal field (and assigned it to stannite inclusions), Mid-Atlantic Range, and Ono et al.
[54] measured 1.8-4.3 wt % Sn in sphalerite from polymetallic mineralization at the Suttsu vein-type deposit in Japan. Sphalerite analyzed by LA-ICP-MS at various base metal bearing deposits from South China [52] , revealed very low Sn content (up to 10 ppm), only in one deposit (e.g., the Bainiuchang VMS deposit) the Sn content in average 1130 ppm, but this could be due to the small size of the Sn-bearing minerals. Cook et al. [51] summarized the LA-ICP-MS trace element data of sphalerite and indicated that Sn content is very low in samples from skarn and stratabound deposits, but it might increase in sphalerite from epithermal systems, where it reaches values of up to 1.17 wt % at Toyoha Cu-Zn-In deposit, in Japan. The flat spectra obtained in these studies rather suggest an incorporation of Sn into the sphalerite lattice and are not attributed to mineral inclusions in sphalerite.
Various ways of incorporation of Sn, Cu, and In into sphalerite can be considered following the binary chemical plots in Figure 6 . The positive correlation between Cu and Sn in all localities, with the exception of the Stan Terg deposit (Figure 6H ), suggests incorporation of Sn in a tetravalent state through 2(Cu + Ag + ) + Sn 4+ Ø 3Zn 2+ substitution, in accordance to the statement of [51] . Alternatively, the correlation between Sn and Cu could be also attributed to sub-microscopic stannite-or kuramite-like domains in the sphalerite structure. Indium content correlates with Cu in all samples suggesting the coupled (Cu + In 3+ ) Ø 2Zn 2+ substitution or, alternatively, the occurrence of roquesite-like domains in sphalerite ( Figure 6C ). In the sphalerites from Stan Terg there is a negative trend between Sn and In (Figure 6G ), possibly indicating In for Sn substitution in petrukite micro-inclusions of sphalerite.
Dobrovol'skaya et al. [55] described from different Sn deposits rare myrmekitic stannite-sphalerite intergrowths caused by ore metamorphism at the contact with a dyke. Stannite measured by them contained 3.61-5.75 wt % Zn, whereas the Sn content in co-existing sphalerite is up to 0.46 wt %. In Kosovo, sample Sn minerals commonly occur within sphalerite in the form of blebs, as continuous stannite growth zones, or overgrowing and replacing sphalerite.
Oen et al. [56] noticed discontinuous solid solutions in the (Zn,Fe)S-Cu 2 FeSnS 4 -CuInS 2 system. They described oscillatory zoning in sphalerite containing stannite inclusions in ore samples from J. Cesar deposit (Spain) and explained them by possible fluctuations in fluid temperatures. Similar grown zones composed of stannite have been found in samples from the Artana deposit (this study). The change from stannite to sphalerite precipitation occurred at the point when the hydrothermal fluids become sufficiently rich in ZnS to precipitate sphalerite.
Concluding Remarks
1.
Tin mineralization is very similar in the Trepça Mineral Belt among different deposits.
Only members of stannite-kësterite solid solution were found, and there is no evidence of presence other Sn-minerals enriched in Cu, Ag, Cd, In, or Ge. In a few samples from Stan Terg a phase enriched in In (0.02 apfu) was found and it could fit petrukite.
2.
The chemical composition of stannite group minerals indicates extensive mutual substitution between Fe and Zn. In the coexisting sphalerites correlations between Sn, Cu, and In, suggest either incorporation of these elements in the structrure, and/or the presence of stannite, kuramite, roquesite, and petrukite micro-inclusions in sphalerite. Tin-bearing minerals and sphalerite at Kosovo contain small amounts of In, Ga, and Ge, and may be considered as potential carriers of critical metals in the district with implication for future exploration.
